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Abstract 
This thesis is the study of two instrumental techniques for the 
determination of trace metals in cement and mercury in water, respectively. 
Part I is concerned with the determination of trace elements in cement. 
The analytical procedure involves keeping the iron in the solution by a masking 
agent and all other elements of interest to be precipitated with disodium 
piperazino-l,4-bis(dithiocarbamate). The precipitate is collected on a membrane 
filter and measured by energy dispersive X-ray fluorescence spectrometry. 
Because a thin, homogeneous specimen is formed, the inter-elemental effect is 
negligible. The method has been applied successfully in the determination of 
copper, nickel, zinc, and lead in cement with high accuracy and precision. 
Also, the proposed method has been assessed by the recovery test and 
counter-checked by atomic absorption spectrometry. It is reliable in the 
determination of trace elements in cement. 
Part n is concerned with the determination of mercury (II) in water. In 
the proposed method, a large water sample volume was used. The mercury (II) 
ions in water were first reduced to free element by tin (11) chloride. The 
released mercury was aerated to a small volume of potassium permanganate 
solution in which the mercury was oxidized. This mercury was then determined 
by static cold vapour atomic absorption spectrometry. A 4-cm stoppered silica 
cell was used, in which the mercury (II) was reduced to mercury (0) by tin (II) 
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It is known that UV-VIS spectrophotometry and atomic absorption 
spectrometry are the two most common methods in the determination of trace 
metals. However, when several metals need to be measured simultaneously, X-
ray fluorescence spectrometry then would be the most suitable technique. In the 
present work, two instrumental techniques, namely the cold vapour atomic 
absorption spectrometry and X-ray fluorescence spectrometry will be 
investigated to determine either a single element or multiple metals in the real 
samples, respectively. 
It was reported that the presence of copper, nickel, zinc and lead in 
cement would retard the setting time of cement (1, 2, 3). For a better control of 
the cement quality, a method to determine these elements accurately and 
efficiently should be available. The X-ray fluorescence spectrometry should be 
a suitable one to determine these trace metals in cement. It is a non-destructive 
and multielement technique. 
A preliminary preconcentration step is required in the determination of 
copper, nickel, zinc and lead in cement because their concentrations are low. In 
addition, the iron in the cement should be separated first before the 
preconcentration step because a large amount of iron in the cement will interfere 
with the result. 
The copper, nickel, zinc and lead are precipitated by disodium 
piperazino-l,4-bis(dithiocarbamate) and collected on the Millipore membrane 
filter. Iron in the cement is also masked by either sodium tartrate or sodium 
4 , 
citrate. The precipitate is air dried and measured by the energy dispersive X-
ray fluorescence spectrometry. 
As a result of contamination by effluent of urban or industrial origin, 
especially those from metal plating industries, there is an increasingly high level 
of mercury in water in rivers and streams. Because mercury is toxic and 
hazardous to health, its control in water should be determined reliably and 
accurately. 
The determination of trace mercury in water is extremely difficult. 
Common techniques including UV-VIS spectrophotometry, X-ray fluorescence, 
flame atomic absorption spectrometry cannot be employed due to their low 
sensitivities and high detection limits. Usually, these methods can only be used 
for samples with mercury content at ppm level. 
After the development of cold vapour atomic absorption spectrometry, 
the situation was completely changed. Mercury can be determined at very low 
concentration levels. The cold vapour atomic absorption method can generally 
be divided into two types. The first one is the reduction-aeration method. The 
second is the static cold vapour technique. In the present work, static cold 
vapour atomic absorption spectrometry is employed. 
However, even when cold vapour atomic absorption spectrometry is 
employed, a preconcentration step is still required in the present work, because 
the concentration of mercury in water is extremely low, usually ng/1 level. 
5 , 
In part II of this study, mercury (II) in water is first reduced to mercury 
(0) by tin (II) chloride. The mercury (0) released is then trapped by a much 
smaller volume of potassium permanganate solution. Later the trapped mercury 




Determination of Some Minor Elements in Cement by 
Energy Dispersive X-Ray Fluorescence Spectrometry 
� 
Introduction 
Cement can be described as a material with adhesive and cohesive 
properties capable of bonding mineral fragments into a compact whole piece. 
This definition embraces a large variety of cementing materials. For 
constructional purposes the meaning of cement is restricted to bonding materials 
for stones, sand, bricks, building blocks, etc. (4). 
Cement was first produced in 1824 by Joseph Aspdin (5), who heated a 
mixture of finely divided clay and limestone or chalk in a furnace at a 
temperature sufficiently high to drive off the carbonic acid gas. It was not until 
1845 that Isaac Johnson (5) burnt the same materials together in a furnace or 
kiln until they clinkered, thus producing a cement very similar in essential 
chemical constituents to the modem Portland cement. Since then many 
refinements, changes in the scale and type of plant, and improvements in 
methods of control and testing have been made. 
Portland cement consists mainly of lime, silica, alumina and iron oxide. 
These compounds interact with one another in the kiln to form a series of more 
complex products, and apart from a small residue of uncombined lime not 
having sufficient time to react, a state of chemical equilibrium is reached. In 
cooling, different crystalline compounds of similar chemical composition are 
produced. They are tricalium silicate, dicalcium silicate, tricalcium aluminate 
and tetracalcium aluminoferrite (6). 
7 , 
When cement is mixed with water, the silicates and aluminates will be 
hydrated with water and become a firm and hard mass~the hardened cement 
paste. There are two ways for the silicates and aluminates in cement to react 
with water. The first, a direct addition of some water molecules, this being a 
true reaction of hydration. The second type is the hydrolysis. Most often, the 
term hydration is used for all reactions of cement with water, i.e. true hydration 
and hydrolysis (7). 
However, it was reported that the presence of copper, lead and zinc in 
cement will retard the hardening of cement. It has been observed by N. McN. 
Alford and A. A. Rahman (1) that the presence of lead compounds will inhibit 
the rate of hardening of cement paste. Besides, N.L. Thomas (2) used 
calorimetry and electron microscopy to study the retarding effect of lead 
compounds and obtained a similar result. Moreover, G. Arliguie and J.Grandet 
(3) found that the presence of zinc compounds will also retard the hardening of 
cement. They showed that the retardation of hardening of cement was caused by 
the rapid precipitation of the basic inorganic salts, where the precipitate was 
largely in colloidal gelatinous form and coated on the surfaces of the cement 
grains. The protective effect of these coatings is clearly responsible for the 
inhibition of hydration (1，2, 3J. 
/ 
For these reasons, it is necessary to analyze the copper, nickel, lead and 
zinc in cement. 
8 , 
Different methods to analyze these metals in cement have been 
published. K. Watanabe and K. Kawagaki (8) used the fluorometric method to 
determine the zinc in cement. Also, copper and lead have been determined by 
the atomic absorption method (9). Moreover, X-ray fluorescence spectrometry 
(10) has also been used. Because the fluorometric method involves a 
complicated procedure, it is not recommended in general. Also, atomic 
absorption spectrometry normally measures only one element at a time. 
Therefore, X-ray fluorescence spectrometry is considered to be the most 
suitable method for simultaneous determination of trace elements in cement. In 
the present work, an energy dispersive X-ray fluorescence spectrometry is 
employed to determine the copper, nickel, zinc and lead in cement. 
In order to determine the trace amount of copper, nickel, zinc and lead in 
cement, a preconcentration step is required. Figure 1 shows the spectrum of a 
cement powder. The sample was Asano RMC. All the peaks for copper, nickel, 
lead and zinc were very weak. A preconcentration step is very likely needed for 
accurate results. There are many physical and chemical preconcentration 
methods (11), including evaporation, ion-exchange reactions, chelation, 
adsorption and precipitation. In this work, selective precipitation is employed as 
a preconcentration step. 
Precipitation reagents of different organic substituted dithiocarbamates 
for heavy metals have been described. Sodium dithiocarbamate is the most 
commonly used reagent. Yoshikazu Yamamoto (10) used 
hexamethyleneammonium hexamethylenedithiocarbamate as the precipitating 
agent. However, this procedure required either a carrier element or a long aging 
9 , 
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time. In this work, disodium piperazino-1,4-bis(dithiocarbamate) is employed. 
The structural formula of disodium piperazino-l,4-bis(dithiocarbamate) is: 
CHo-CHa S / \ S 
Na+ —N N—C夕 Na 寺 
\ / \ s . 
CH2一CH2 
It has been used successfully by Ho Shing Yiu (12) to determine the trace 
elements in water. It forms polymeric chelates with seven heavy elements 
including iron, copper, nickel, zinc, lead, mercury and colbalt. The precipitate 
formed a thin and homogeneous deposit on the membrane filter, so the 
interelemental effect would be negligible. Also, no carrier element was required 
and the precipitate formed instantaneously. Therefore, it is time-saving. 
Iron is a major metallic element in cement and its concentration varies 
widely, depending on the type of cement. In general, the concentration of iron 
in cement varies from 2 to 5%. If one applied the method directly to analyze the 
cement, the result would be erroneous because the precipitate would be too 
thick, and in the worst case, it would peel off from the membrane filter. 
This has been tested by the direct application of the precipitating agent on 
a cement sample without removal of the iron. The sample was Asano RMC 
cement. The precipitate was in large amount. Instead of a thin and 
homogeneous layer, the precipitate was thick and in powder form and did not 
adhere firmly to the membrane filter. This was shown in figure 2. Therefore, 
11 , 
the precipitate on the membrane filter easily peeled off and was lost. Moreover, 
the precipitate collected was mainly the iron complex. Its spectrum is shown in 
figure 3. The peak for the iron was particularly high. Therefore, in order to 
have a thin and homogeneous precipitate on the filter membrane, the iron 
should be kept away from the precipitates. 
/ • “ jr A ' • ' \ 
Figure 2. The precipitate collected from the Asano RMC cement after air dried. 
The precipitate was segregated and not uniform in appearance. 
Of course, iron could be removed (10) from the precipitate, but it was 
considered impractical because the procedure would lose its simplicity and 
rapidity. Thus, a better approach is to mask the iron, thereby avoiding the 
additional time-consuming steps. In this work, sodium tartrate and sodium 
citrate have been successfully used as the masking agents. 
12 
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Figure 3. The spectrum for the direct precipitation of the real sample solution 






A Tracor X-ray Spectrace 5000 Energy-dispersive X-ray fluorescence 
spectrometer was used. All the instrumental parameters were the same as Ho's 
method (12): the tube voltage was 40 kV and the tube current was 0.35 mA. The 
0.05 mm Rh filter was used to reduce the background counts in order to have a 
good precision. The typical lifetime was 600s. Copper, nickel, zinc and iron were 
all determined by their K X-rays and lead by means of its L X-ray. 
The spectrum consists of a list of peaks with their corresponding energies. 
Elemental identification is made by comparing the energy of a peak to a library of 
reference energies. Quantitation is based on the integrated peak counts under each 
peak less the background peaks. 
(B) Filtering equipment 
The filtering set-up is shown in figure 4. It consisted of a reservoir, a 
circular fritted glass support and a metal clamp. The filtering material used was 
0.45|ain pore size membrane filter and 47mm diameter. 
(Q Samples and reagents 
(a) Reagents 
All chemicals used were of analytical grade. 
14 , 
Reservoir 
乂 ) Metal clamp 
0.45mm pore ^ ^ _！ 
size membrane fitter ^ ^ ^ ^ \ \ 
To _ > V 7 i \ • 》 suction j \ \ 
~J V \ A circular fritted glass support 
/ \ Suction flask 
Figure 4. A schematic diagram of Ae filtering system. 
« • • 
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(I) Stock standard solution (lOOOppm) of copper, nickel, zinc, lead and iron 
were prepared separately by dissolving Ig of each metal in the minimum amount 
of concentrated nitric acid and made up with distilled and de-ionized water to 1 
litre. The final nitric acid concentration was about O.IM. 
Intermediate standard solutions were prepared by appropriate dilution of 
the stock solutions with distilled and de-ionized water. The multielement 
standards for calibration were prepared from these standards. 
(II) Precipitating agent 
Disodium piperazino-1,4-bis(dithiocarbamate) was synthesized according 
to the method of Ho (12): l lg of piperazine hexahydrate were dissolved in 30ml 
of ethanol and added to sodium hydroxide (8.5g in 8ml pure water and 20ml 
ethanol at 10°C), then 15g of carbon disulfide were added to the mixture at 10°C. 
The precipitate was re-crystallized twice from a water-ethanol mixture (1:3, v/v). 
A 1% (w/v) aqueous solution of the reagent was used as the precipitating reagent. 
It was stored in a polyethylene bottle and kept in a refrigerator. 




Totally six samples have been investigated namely OPC004, OPC002, 
Asano RMC, Gold Carp, Type V cement and “廣西 All samples were 
provided by Lam Lik, a graduate student of CUHK. 
(V) Procedure 
2.5g cement sample was weighed and then dissolved in 50ml concentrated 
HNO3 or HCl. The solution was heated to boiling for several minutes to dissolve 
almost all the cement. It was filtered by suction filtration. The filtrate was made 
up to 250ml with distilled and de-ionized water. Afterwards, 10ml of the solution 
were pipetted into a 250ml beaker and diluted to approximately 150ml. Then, Sml 
of 2.5% sodium tartrate or 10ml of 5% sodium citrate were added. It's pH was 
adjusted to 8.5. Finally, 2ml of 1% precipitating agent were added. The solution 
was stirred for 5 minutes. The precipitate was filtered and collected on the 
membrane filter and analyzed by X-ray fluorescence spectrometry. 
(YD Construction of the calibration curves 
For calibration, a series of thin film multielement standards were prepared 
by diluting aliquots of the mixed standard solutions containing 5mg/l each of the 
four metals to 150ml with distilled and de-ionized water. The same procedure 
was carried out as for the cement samples. 
17 , 
RESULTS AND DISCUSSIONS 
(A) Optimization of the preconcentration steps 
(a) Effect of ligand concentration 
For complete precipitation of the metal complexes in the sample, an excess 
of pricipitating agent should be used. However, a large excess of precipitating 
agent should be avoided to prevent the formation of precipitate too fine to be 
retained quantitatively on the membrane filter. Therefore, the effect of 
precipitating agent concentration and the precipitation efficiency of the metal 
complexes should be optimized. 
1% disodium piperazino-l ,4-bis(dithiocarbamate) was prepared. 
Multielement standard solutions containing 25 |ig each of the metals were used. 
Different volumes of precipitating agent ranging from 0.5ml to 5ml were added. 
The mixture was adjusted to pH 6.5. It was stirred and the precipitate was 
collected on the membrane filter and analysed by X-ray fluorescence. 
The results are shown in figures 5 and 6 and the data are shown in table 1. 
18 
3 5 r - — ：.••：•：：.：.-：• . - . . • . . 
3 3 -
31 - Z n 
——.——,——=——»——= 2 9 -
8 g 2 7 -
fo 0 
1 P b 





113 丨 I 丨 1 1 1 ^ ••• 
0 1 2 3 4 5 6 7 
Vol. of 1% precipitating agent/ml 
• • 
Figure 5. Effect of iigand concentration on the 
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Figure 6. Effect of ligemd concentration on the 
precipitation of Cu and Ni complexes. 
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Table 1. Effect of ligand concentration on the intensities of the X-ray lines of 
the metals (total counts in 600s). 
Volume of 1% precipitating agent/ ml 
0.5 1.0 2.0 3.0 4.0 5.0 6.0 
Cu 27679 27754 27314 27526 27040 27692 27314 
24205 24097 24440 24379 24636 24753 24179 
Zn 29201 29684 29445 29280 29768 29641 29818 
_Pb 22399 22601 22647 22381 22885 22877 22922 
The result indicated that the number of counts for each metals remained 
essentially constant, independent on the amount of precipitating agent used, 
which means that a small amount of precipitating agent was sufficient for the 
complete precipitation of all metals in the sample. Therefore, in the following 
procedure, 2ml of 1% precipitating agent were used. 
(b) Effect of the stirring time 
Stirring is required after the addition of the precipitating agent such that 
the metal complexes can be completely precipitated and the rate of precipitation 
can be enhanced. Therefore, the effect of the stirring time should be investigated. 
Multi-element standard solutions containing 25|ig each of the metals were 
used. 2ml of 1% precipitation agent were added. It was then stirred separately for 
1, 5, 10, 20 or 25 minutes. The results are shown in figures 7 and 8 and the data 
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precipitation of Cu and Ni complexes. 
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Table 2. Effect of stirring time on the intensities of the x-ray lines of the 
metals (total counts in 600s). 
Stirring time 1 5 10 15 20 25 
/ min 
Cu 27075 26271 26016 26742 26938 25828 
m 23347 22386 22730 22882 23125 22630 
Zn 31226 30383 30354 30531 31148 30551 
_Pb 23310 22555 丨 22511 22847 •丨 23366 丨 21942 
The result indicated that the counts for each of the metals remained 
essentially constant, independent of the stirring time. This means that the 
precipitation process was very fast, only a very brief stirring was required. 
Therefore, in the following procedure, the 5-minutes stirring time was used. 
24 
(B) Effect of iron interference on the determination of heavy metals in 
cement 
As mentioned before, when a large amount of iron present in cement, an 
error will arise. In order to find out the tolerance level of iron in the cement, it is 
worthwhile to study the effect of the iron interference. 
Multielement standard solutions containing 25|ig each of the metals were 
used. Various amounts of iron were spiked in each of the standard solutions. The 
solution was adjusted to pH 6.5. 2ml of 1% precipitating agent were added. The 
solution was stirred for 5 minutes. The results are shown in figures 9 and 10 and 
the data are shown in table 3. 
Table 3: Effect of the iron interference on the intensities of the X-ray lines of 
other metals (total counts in 200s). 
Amount of iron/ mg 0 0.025 0.05 0.1 0.3 0.5 
Cu 8178 8176 8364 8338 8255 8264 
Ni 7213 7161 7151 7104 7265 7290 
Zn 9087 9112 9062 9162 9089 9133 
Pb 6992 7013 6989 | 6916 7096 6891 
.Amount of iron/ mg 1 2 3 4 5 6 
Cu 8357 8308 7663 6992 6439 5906 
Ni 7384 7443 7214 7109 6984 6757 
Zn 9138 9056 9167 8110 7562 7321 
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of the Zn-Kotand Ni-KoJines. 
The results indicated that when the amount of iron was larger than 2mg, 
the counts for all the elements were decreased. It was most probable that as the 
amount of iron increased, the precipitate was no longer a thin layer and, therefore, 
the absorption effect became significant. Also, the precipitate was in powder form 
and could not be held firmly on the membrane filter. Therefore, some of the 
precipitate was lost and caused a negative error. This can be seen in figures 11， 
12 and 13. When no iron was present (fig. 11), the precipitate was a thin and 
homogeneous film. When the amount of iron was increased, the precipitate 
became thicker and darker. The deep brown colour was due to the formation of 
the iron complex. At 2mg iron (fig. 12), the precipitate became powdery. When 
the iron was tether increased (fig. 13), the powder became bulkier and could not 
be held firmly on the membrane filter. Therefore, for reliable and accurate results, 
the iron should not be precipitated together with other metals. 
. _ 
Figure 11. The precipitate when the iron was not present. 
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Figure 13. The precipitate with 6mg iron present. The film was no longer 
uniform in appearance. 
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(B^ Optimum condition to mask the iron by masking agents 
As mentioned before, iron is a major element in cement and it would 
interfere with the result. Therefore, an appropriate masking agent should be used 
to minimize its effect. However, in choosing an appropriate masking agent, four 
factors have to be considered:!, the iron should be completely masked; 2. all 
other metals of interest would not be interfered with; 3. the amount of masking 
agent needed and 4. the solubility and stability of the masking agent. 
Four masking agents have been commonly used to mask iron. They are: 
sodium oxalate, ascorbic acid, sodium citrate and sodium tartrate. Therefore, in 
this project, all these four masking agents will be investigated to determine which 
is most suitable one for cement analysis. 
(a) The pH effect on the masking agent for different elements 
(I) Sodium oxalate 
A multi-element standard solutions containing 25|lg each of the metals 
were prepared. lOmg iron was spiked into the solution for investigation. Then, 5g 
sodium oxalate were dissolved in the solution. The solution was then adjusted to 
different pHs by ammonia solution and the acetic acid solution. Afterwards, 2ml 
of 1% precipitating agent were added and the solution was stirred for 5 minutes. 
The precipitate was then collected on the membrane filter and analysed by X-ray 
fluorescence. The results are shown in figures 14, 15 and 16 and the data are 
shown in tables 4 and 5. 
30 
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Figure 15. The pH effect on sodium oxalate for the 
precipitation of Ni and Zn complexes. 
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precipitation of Cu and Pb complexes, 
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Table 4. The pH effect on sodium oxalate for the precipitation of iron complex 
(total counts in 200s). 
pH 4.0 5.0 7.0 8.0 9.0 10.0 
Fe 3702 7026 10873 21547 216285 1353872 1576916 
Table 5. The pH effect on sodium oxalate for the precipitation of Cu，Ni, Zn and 
Pb complexes (total counts in 200s). 
j^H 5.06 6.08 6.84 • 8.06 8.89 
jCu 8 幻弘 8131 8246 8016 7748 
�7gn 7,^ 66 7466 7643 6883 7288 
44:U 7520 7811 9130 9400 
Pb 7768 17071 7260 7048 7236 6768 6685 
The results indicated that the iron was masked to a certain extent when the 
pH is lower than 4, therefore in order to use sodium oxalate as a masking agent, 
the pH of the solution should be lower than 4. Also, the result indicated that as 
the pH increased, the counts for both copper and lead decreased, which means 
that copper and lead would also be masked to some extent in a basic medium. 
However, zinc was also masked significantly in an acidic medium. Therefore, 
sodium oxalate is not suitable as a masking agent. 
34 
(II) Ascorbic acid 
A multi-element standard solutions containing 25jig each of all metals 
under study were prepared. lOmg of iron were spiked into the solution. Then, 
25ml of 16% ascorbic acid solution were pipetted into the solution and the 
solution was adjusted to different pH. The results are shown in figures 17, 18 and 
19 and the data are shown in tables 6 and 7. 
Table 6. The pH effect on ascorbic acid for the precipitation of the iron complex 
(total counts in 200s). 
JQH 4.0 5.0 6.0 TO 9.0 10.0 
Fe 251156 251126 395606 423302 426062 401074 7088 
Table 7. The pH effect on ascorbic acid for the precipitation of Cu, Ni, Zn and Pb 
complexes (total counts in 600s). 
pH 3 QA 5 00 5.97 6.08 6.98 8.10 8.20 9.03 9.94 
_gu 19734 19847 19857 19826 19595 19667 19393 19826 19458 
Ni 18160 18419 18243 17877 17757 17633 17193 18472 17988 
Zn 22278 24221 24553 24109 22293 22487 22746 21495 8250 
_Pb 18110 17802 17803 I 17648 17575 17634 17858 17854 17921 
The result showed that iron was greatly masked when the pH is equal to 
10. Moreover, the results for copper, lead and nickel were good, even though 
their counts fluctuated slightly. However, there was a large fluctuation for the 
35 , 
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Figure 1T. The pH effect on ascorbic acid 
for the precipitation of Fe complex. 
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precipitation of Cu and Pb complexes. 
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result of the zinc and it shows that as the pH increased, the count was decreased. 
This is because zinc is amphoteric that at high pH, it is in the anionic form. So, 
ascorbic acid cannot be used as a masking agent. 
(Ill) Sodium tartrate 
Multi-element standard solutions containing 25jig of each of all metals 
were prepared. Also, lOmg of Fe were spiked into the solution. Then, 5ml of 
2.5% sodium tartrate were pipetted into the solution. Afterwards, the solution was 
adjusted to different pHs by ammonia solution and acetic acid solution. The 
results are shown in figures 20, 21 and 22 and the data are shown in tables 8 and 
9. 
Table 8. The pH effect on sodium tartrate for the precipitation of the iron 
complex (total counts in 200s). 
PH 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Fe 162543 215456 47633 | 17643 1056 1309 1045 
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precipitation of Zn and Pb complexes. 
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Table 9. The pH effect on sodium tartrate on the precipitation of Cu, Ni, Zn and 
Pb complexes (total counts in 600s). 
pH 5.18 6.01 7.32 8.65 9.36 10.15 
Cu 26545 26140 26855 26839 25757 26479 
m 23727 23352 23722 23003 22920 23643 
Zn 28284 31543 30914 30995 29007 20818 
Pb 26146 26901 26531 26431 24990 25060 
The results indicate that iron was greatly masked when the pH was higher 
than 8. Also, for pH from 6 to 9，the counts for Cu, Ni, Zn and Pb were optimal 
and remained essentially constant. Therefore, sodium tartrate should be a good 
masking agent at pH 8.5. 
( m Sodium citrate 
A multi-element standard solutions containing 25|ig of each of all metals 
were prepared. Also, lOmg of iron were spiked into the solution. Afterwards, 
10ml of 5% sodium citrate were added. The solutions were then adjusted to 
different pHs. The results are shown in figures 23，24 and 25 and the data are 
shown in tables 10, 11 and 12. 
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Table 10. The pH effect on sodium citrate for the precipitation of the iron 
complex (total counts in 200s). 
pH 4 5 6 7 8 9 10 
Fe 247840 285128 236119 37505 1475 1283 1028 
Table 11. The pH effect on sodium citrate for the precipitation of Cu, Ni, Zn and 
Pb complexes (total counts in 600s). 
pH 4.14 5.24 6.36 7.19 8.23 8.70 9.45 10.27 
Cu 28332 29024 28949 28949 28632 28978 28857 29510 
Ni 25448 25695 24653 25278 25526 25794 25361 25927 
Zn 17478 17387 19317 22090 26336 26351 25825 17096 
Table 12. The pH effect on sodium citrate for the precipitation of the lead 
complex (total counts in 600s). 
pH 3.05 3.95 5.18 6.01 7.32 8.31 936 10.15 
Pb 23850 23336 23839 23509 23451 24088 23534 23548 
The results indicated that the iron was greatly masked when the pH was 
higher than 8. Also, the results show that Cu, Ni and Pb would not be masked by 
sodium citrate throughout the wide pH range. However, it seems that the zinc 
could not be masked only for pH from 8.23 to 9.45. 
47 , 
Because of these reasons, the experiment was repeated once again for the 
zinc and the result is shown in figure 26 and the data are shown in table 13. 
Table 13. The pH effect on sodium citrate for the precipitation of Cu, Ni and Zn 
complexes (total counts in 600s). 
pH 8.36 8.63 8.78 8.93 9.16 9.36 9.50 
Cu 27261 27708 27085 27284 27309 28419 27908 
Zn 28228 28599 28623 28261 27920 28463 26760 
Ni 24232 24366 23883 24176 24124 | 24611 24798 
The result indicated that the zinc would not be masked for pH from 8.3 to 
9.3. Therefore, if sodium citrate was used as a masking agent to mask the iron in 
cement, the pH should be adjusted to 8.5. 
(b) Effect of amount of masking agents 
-
An excess of masking agent should normally be used to increase the rate 
and completeness of the masking process. Therefore, it is worthwhile to study the 
amount of masking agents for iron. 
I 
(a) Sodium tartrate 
Seven standard solutions containing 15mg of iron were prepared. Then 
0ml，60ml, 100ml, 140ml and 180ml of 25% sodium tartrate solution were added 
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Figure 26. The pH effect on sodium citrate for the 
precipitation of Zn and Ni complexes. 
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separately to each standard solution. The solution was then adjusted to pH 6. The 
result is shown in fig. 27 and the data are shown in table 14. 
Table 14. Effect of sodium tartrate on the precipitation of the iron complex (25% 
sodium tartrate was used and the solution was kept at pH 6，total counts in 200s). 
Vol. of 25% 0 60 100 140 180 
sodium 
tartrate / ml 
JFe 469783 79084 75340 79922 79759 
The results indicated that when the solution was kept at pH 6,even when a 
large amount of sodium tartrate was added, there still remained a large fraction of 
iron in the solution which could not be masked. The experiment was repeated 
with the solution at pH 8.5 and the concentration of sodium tartrate 2.5%. The 
results are shown in fig. 28 and the data are shown in table 15. 
Table 15. Effect of sodium tartrate on the precipitation of the iron complex 
(concentration of sodium tartrate used was 2.5% and the solution was kept at pH 
8.5，total counts in 200s). 
Vol. of 2.5% 0.5 0.75 1 2 5 10 15 
sodium citrate / 
jnl 
_Fe 2106425 19422 874 1040 917 1320 1212 
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Figure 27. Effect of amount of sodium tartrate for the 
precipitation of Fe complex (at pH 6). 
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Figure 28. Effect of amount of sodium tartrate on 
the precipitation of Fe complex (at pH 8.5). 
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The result indicated that when the solution was kept at pH 8.5, the iron 
could be completely masked by a small amount of sodium tartrate, which implies 
that the masking agent was very pH dependent. Therefore, when sodium tartrate 
is used, the solution should be adjusted to 8.5 and 5ml of 2.5% sodium tartrate 
should be added such that all the iron in the cement can be masked. 
Also, in order to use sodium tartrate as a masking agent, it is required that 
all the metals to be determined would not be interfered with by sodium tartrate. 
Therefore, it is worthwhile to study the effect of amount of sodium tartrate on Cu, 
Ni, Zn and Pb. 
Multielement standard solutions containing 25|ig of each of all metals 
were prepared. Then 5ml, 10ml，20ml，30ml or 50ml of 2.5% sodium tartrate 
were added separately to the standard solutions. The solutions were then adjusted 
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Table 16. Effect of amount of sodium tartrate on the precipitation of Cu, Ni, Zn 
and Pb complexes (the solution was kept at pH 8.5 and total counts in 
600s). 
Vol. of 2.5% 0 5 10 20 30 50 
sodium tartrate / 
jml 
Cu 24646 24015 24343 24181 24418 24716 
J i i 22224 20078 21396 21092 20940 21112 
Zn 27382 26276 27175 27015 27622 27735 
21123 19553 20025 20211 20100 20152 
The result indicated that even when a large excess of sodium tartrate was 
added, the counts for all the elements still remained essentially constant, which 
implies that all these elements would not be affected by the sodium tartrate. 
(b) Sodium citrate 
Seven standard solutions containing 15mg of iron were prepared. Then, 
2ml, 10ml, 20ml, 30ml, 40ml or 50ml of 5% sodium citrate were added 
separately to the solutions. The solutions were then adjusted to pH 8.5. The result 
is shown in figure 31 and the data are shown in table 17. 
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Figure 31. Effect of amount of sodium citrate 
on the precipitation of Fe complex. 
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Table 17. Effect of sodium citrate on the precipitation of the iron complex (the 
solution was kept at pH 8.5 and total counts in 200s). 
Vol. of 5% 0 2 10 20 30 40 50 
sodium citrate / 
_Fe 543249 20867 810 1012 768 972 863 
The result indicated that when 10ml of 5% sodium citrate were added, the 
iron could be completely masked. Therefore, in the following procedure, 10ml of 
5% sodium citrate were added with the solution at pH 8.5. 
Multi-element standard solutions containing 25|ig of each of all metals 
were prepared. Then, 0ml, 10ml, 20ml, 30ml or 40ml of 5% sodium citrate were 
added separately. The solutions were at pH 8.5. The results are shown in figures 
32 and 33 and the data are shown in table 18. 
Table 18. Effect of sodium citrate on the precipitation of Cu, Ni, Zn and Pb 
complexes (the solution was kept at pH 8.5 and total counts in 200s). 
Vol. of 5% 0 10 20 30 40 
sodium citrate / ml 
Cu sm ^ sm sm s i s? 
7328 7367 7345 7344 7335 
Zn 9 1 ^ 9377 9077 ^ 9174 
J b 7003 7067 7048 7095 7069 
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The result indicated that the counts for these four elements remained 
essentially constant, even at large excess of sodium citrate, which implies that the 
metals would not be affected by sodium citrate. 
In general, we can conclude that both sodium tartrate and sodium citrate 
are good masking agents for iron in cement. 
(I l l ) Precision 
The precision of the method was checked by calculating the relative 
standard deviation of eight replicate determinations of each metal in the standard 
solution. This can be done by eight multielement standard solutions having all the 
metals and each in 25|ig and 12.5mg iron. Then, 5ml of 2.5% sodium tartrate or 
10ml of 5% sodium citrate were added. The solution was then adjusted to pH 8.5. 
The result is shown in table 19. 
-
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Table 19. Precision of the proposed method 
Amount fQimd/|ig 
Trial n m ^ 
J 26.06 25.20 25.90 25.34 
_2 24.29 25.11 . 24.53 24.84 
_3 25.25 24.31 
_4 25.16 25.44 24.87 24.83 
J 25.57 24.52 25.03 
_6 23.94 24.99 24.03 24.25 
_7 24.83 23.61 24.32 24.69 
_8 25.35 24.68 24.59 25.75 
Mean 
R.S.D.% 3.20 [ i M [ } M [197 
The result indicated that the relative standard deviation for the metals 
varied from 2.0% to 3.2%, which means that the precision was quite good. 
(TV) Calibration curves 
The simulataneous determination of metals required the construction of 
working curves from standards. In order to minimize the matrix effect, the 
standards should have a matrix similar to that of the specimen. 
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The calibration curves for all metals ranging from 25|ig to 175|ig were 
prepared. The results are shown in figures 34 and 35 and the data are shown in 
table 20. 
Table 20. Calibration curves for Cu, Ni, Zn and Pb (total counts in 600s). 
Amount of the 25 50 75 100 125 150 175 
metal /j ig 
Cu 27629 49197 74397 100775 121243 145099 168482 
^ 24185 43298 65313 88671 105681 127924 149159 
Zn 30667 54451 80739 110692 131300 157244 183331 
^ 22064 36667 54973 70387 81983 93030 104057 
The result indicated that the linearity of the calibration curves for the 
metals could be extended to an amount of at least 175jig. However, the 
calibration curve range from 5\xg to SOjig was sufficient for the actual cement 
samples. The data are shown in tables 21 and 22. 
-
Table 21. Calibration curve for Cu, Ni，Zn and Pb (total counts in 600s). 
Amount 5 10 15 20 25 30 35 40 45 50 
of the 
metal /\ig 
5434 10392 15460 18965 245Q6 29399 34882 39205 44788 48255 
M 4779 8666 13408 16547 2126^ ^IMI zn70《 
6920 11581 17355 21725 27316 m n 叩 44977 肌0042 
I h 5447 9017 13915 19088 23496 27649 33256 35114 42416 46068 
63 
2001 . . ： ...... ： ... I 
180- / 
1 6 0 - C u / / 
: � - / / 
| 1 2 。 - / / 
. / 
2 。 / 
i i 
0 50 100 150 200 
A m o u n t / p g 
Figure 34, Calibration curves for Cu and Ni. 
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Table 22. Parameters of the linear equations for Cu，Ni, Zn and Pb. 
Element Slope y-intercept Correlation 
^ coefficient 
Cu 966^ 5 5 ^ 0.9994 
_Ni 858.7 ^ m 0.9993 
Zn 1058.9 1267.5 0.9990 
n 911.4 482.3 0.9983 
It can be seen that the correlation coefficient for any metal was better than 
0.998. This means that the linearities were quite good. 
(Y) Interference studies 
- I n cement, only iron and manganese would possibly give interference. Iron 
can be masked by either sodium tartrate or sodium citrate. Thus, the remaining 
approach is to study the effect of manganese. It is known that there was about 
0.7mg/g Mn present in the cement. I f all the manganese in the cement reacted 
with precipitating agent, the precipitate would be in a large layer and cause a 
matrix effect. It is worthwhile to study the effect of the manganese. The result is 
shown in figure 36 and the data are shown in table 23. 
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Table 23. Effect of the manganese (total counts in 200s). 
Amount of the 0 0.25 0.50 1.00 1.25 
manganese/ mg 
J ^ |_78 2193 12376 24424 
The result indicated that when the amount of manganese was less than 
0.3mg，its counts became negligible. Normally in 0.3g cement sample, there is 
less than 0.3mg manganese present. Therefore, the manganese in the cement 
would not affect the result and no pretreatment is necessary to separate the 
manganese. This is possibly because the manganese complex formed has low 
stability. 
(VP Detection limit 
Detection limit was defined as 3(B)1/2/m, where B was the background 
intensity and M was the slope of the calibration curve. The background intensity 
can be measured from the blank solution. The result is shown in table 24. 
Table 24. Detection limits of Cu, Ni, Zn and Pb. 
Element Counts/600s Detection limit/^g 
127 0.037 
J ^ m 
^ 233 0.053 
b o i 0.069 
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The result indicated that the detection limits for the metals were low 
enough for concentrations in the sub-microgram level. 
(VII) Sensitivity 
Sensitivity was defined as counts per unit time per unit mass. It can be 
calculated by dividing the slope of the calibration curve for the element with the 
counting time. The result is shown in table 25. 
Table 25. Sensitivity of Cu, Ni, Zn and Pb. 





(VIII) Recovery test 
A recovery test was performed with two synthetic samples. The 
compositions of the two synthetic samples are shown in table 26. The two 
synthetic samples were constructed with the matrix similar to that of the real 
cement. 
69 。 
Table 26. The composition of synthetic samples ( 250ml). 









Cu，Ni, Zn, Pb (synthetic sample I ) O.Smg ( for each metaP -
Cu，Ni, Zn’ Pb (synthetic sample 2) L125mg ( for each metal、 
10ml of the corresponding synthetic sample solution were pipetted into a 丨 
250ml beaker. It was diluted to approximately 150ml. Then, Sml of 2.5% sodium ； 
tartrate or 10ml of 5% sodium citrate were added. It's pH was adjusted to 8.5. 
Finally，2ml of 1% precipitating agent were added. The solution was stirred for 5 I 
minutes. The precipitate was filtered and collected on the membrane filter and ‘ 
analysed by X-ray fluorescence spectrometry. The result is shown in table 27. 
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Table 27. Recovery in synthetic samples. 
Sample element Amount Amount Recovery 
— take 称 g found/|ig /% 
Cu 20.00 20.23 l O U 
Synthetic 20.00 20.26 
1 20.00 21.28 
20.00 20.83 ^ 
4 5 ^ 
Synthetic 45.00 46.88 
2 ^ 45.00 46.49 ^ 
[Pb 45.00 46.25 102.8 ‘ 
The result indicated that the recoveries for all the elements in two synthetic 
samples were 103.3土 L8o/o，which might be considered quite good and indicated 
the interelemental effect was negligible. j 
i 
(IX) Determinations of minor elements in cement ； 
The proposed method was applied to determine the metals in real cement 
samples and the applicability of the method was proved by the recovery test and 
counter-checked by atomic absorption spectrometry. 
Samples included several types of cements, provided by Lam Lik, a 
graduate student in CUHK. Each sample was run in triplicate. A l l samples were 
also spiked with the multielement standards for recovery tests. 
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The results are shown in tables 28 to 33. 
Table 28. Determination of metals in OPC004 cement. 
Amount foimd/|Lig Spiked result/ |Lig Recovery/ Actual conc. in 
(a) % sample ( ^ig/g) 
n _ 7 . 1 7 土 0.25 32.44土 0.75 101.1 70.8 
Zn 51.22 士 1.67 76.92士 1.18 102.8 506 
2.01 土 0.04 28.22±0.85 104.8 19.8 
Cu 23.19 士 0.35 48.31 土1.03 100.5 229 
(a) Included the standard of 25 |xg. ’ 
Table 29. Determination of metals in OPC002 cement. 
» 
1 
Amount found/|ig Spiked result/ |ig Recovery/ % Actual conc. in ！ 
： (a) ^ sample (|Xg/g) : 
Pb 7.17士 0.18 43.06土 1.63 r / ^ 
Zn 42.19土 0.72 ‘ 67.55 土 1.65 m 
i ^ i 4.71 士0.19 31.33土0.33 106.5 44 
Cu 8.75 土 0.13 33.39+0.62 98.6 ^ 
(a) Included the standard of25fxg. 
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Table 30. Determination of metals in Asano RMC cement. 
Amount found/^g Spiked result/jig Recovery/% Actual conc. in 
(a) sample (|Lig/g) 
Pb 4.99 土0.09 29.31土 0.81 ^ ^ 
Zn 30.04±2.12 54.09士 0.82 962 ^ 
Ni 2.65 土 0.05 27.27±0.85 98.5 25 
Cu 11.38±0.40 36.19士0.89 99.8 110 
(a) Included the standard of 25|ig. 
Table 31. Determination of metals in Gold Carp cement. 
Amount found/fig Spiked result/|ig Recovery/% Actual conc. in 
sample (|Lig/g) 
Pb 5.92 土 0.12 18.55 土0.69 101.4 57.5 ： 
“ 
Zn 9.80±0.18 22.54土0.31 101.9 95.2 
Ni 1.07 士 0.11 14.02 土 0.16 103.6 10.4 
Cu 12.21 土0.20 24.53土0.58 98.5 119 ‘ 
(a) Included the standard of 12.5|Lig. 
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Table 32: Determination of metals in ” 廣 西 cement. 
Amount found/|ig Spiked result/|ig Recovery/。/。 Actual conc. in 
sample (|ig/g) 
Pb 10.63 士 0.14 34.21 土 0.91 
Zn 34.82土 0.35 60.40±L58 m 
Ni 1.23 土0.03 27.25士 1.33 104.1 6.1 
Cu 5.42 土 0.17 29.66士0.66 97.0 [ T ^ 
(a) Included the standard of 25jig. 
Table 33. Determination of metals in type V cement. 
Amount found/^ig Spiked result/|ig Recovery/% Actual conc. in 丨 
sample (|ig/g) 
_Ph 20.2 肚 0.41 45.97士 1.10 ^ 
Zn 76.92士 3.48 103.58 土5.83 106.6 1472.4 
3.95 士0.08 29.39+0.63 101.8 
Cu J 10.29 土 0.13 35.67 土 0.70 l O U 197 
1 I i 
(a) Included the standard of 25|ig. 
The results indicated that the recoveries for all the elements were quite 
good，so the method is reliable and the interelemental effect is negligible. Figure 
37 shows the spectrum of the collected precipitate after the addition of masking 
agent. The sample was Type V cement. The result shows that the peak for the 
iron is very weak, which means that the iron was successMly masked by the 
masking agent. Besides this, it can be seen that the concentration of zinc in the 
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75 、 、， 
In order to make sure the proposed method to be reliable, Cu and Zn in 
real cement samples were counter-checked by flame atomic absorption 
spectrometry and Ni and Pb were counter-checked by graphite furnace atomic 
absorption spectrometry. The results are shown in tables 34 and 35. 
Table 34. Comparison of results by XRF and flame AAS. 
Cu(|ig/g) Zn( |ig/g) 
XRF AAS % XRF AAS % 
OPC 004 229.0 221.7 103.3 505.8 481.6 105.0 
QPC 002 82.9 85.9 96.5 399.7 405.7 98.5 
Asano RMC 109.6 114.6 95.6 289.4 291.9 99.1 
Gold Crap 118.6 124.0 95.6 95.2 97.7 97.4 
廣西 26.9 27.3 98.5 172.5 176.1 98.0 
Type V cement 196.9 202.0 97.5 1472.4 1490.8 98.8 
Table 35: Comparison of results by XRF and graphite fiimace AAS. 
Ni(|ig/g) Pb(|Xg/g) 
XRF AAS % XRF AAS % 
OPC 002 44.6 42.9 104.0 169.6 165.7 102.4 
Asano RMC 25.3 26.8 94.4 48.1 46.6 103.2 
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It can be seen that the results found by X-ray fluorescence were in good 
agreement with the results obtained by atomic absorption spectrometry, indicating 




Determination of Mercury in Water by Static Cold Vapour 
Atomic Absorption Spectrometry 
� 
Introduction 
Hong Kong is a densely populated city and situated at the doorstep of 
South China. There are more than six million people living in this area. Also, the 
city is dominated by industries of both large-scale and household types. 
Therefore, pollutions are a serious problem. With the advent of pollution control 
technology and the improvements in living standards, people are becoming more 
conscious of the long-term harazd and much effort has been devoted to pollution 
control in recent years (13). 
Mercury is one of the heavy metals that widely distributed in the 
environment. Its toxicity has been extensively reviewed in various literatures. 
With the tendency to accumulate in seafood, mercury can easily enter the food 
chain. There is no doubt that the significant amount of mercury in seafood has to 
come from water. Besides this, it was reported that the upper limit set by EEC for 
the candidate drinking water to be Ippb (14). Therefore, reliable and accurate 
me^ods are required in order to have a good monitoring the mercury in water. 
Various methods have been published for the determination of mercury in 
、water. For example, graphite ftimace atomic absorption spectrometry proposed by 
Danyl D. Siemer (15), the mercury (II) in the water sample was reduced to 
mercury (0) in a bubbler and purged from the solution with an air stream and it 
was filtered through the porous gold-plated graphite furnace atomizer tube to 
retain the mercury. The tube was then placed into either a carbon rod atomizer or 
a Woodriff furnace for the AAS mercury determination. 
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Anodic stripping voltammetric method has been used by Sambamoorthy 
Jaya (16) to determine mercury in water. The glassy carbon electrode was used as 
a working electrode and the acetate-chloride buffer was used. 
P. Clechet and Eschalier (17) reported using x-ray fluorescence 
spectroscopy. In this method, mercury was adsorbed on the ion-exchange resin-
loaded paper and then measured by x-ray fluorescence. 
However, there are some limitations for the fore-mentioned methods. X-
ray fluorescence was usually used in samples at the ppm level due to its low 
sensitivity. Also, the anodic-stripping voltammetric method involved a 
complicated procedure and it required many analytical steps. Because of these 
reasons, the cold vapour atomic absorption spectrometry seems to be the most 
suitable method for the determination of mercury in water due to its high 
sensitivity and simplicity. 
Cold vapour atomic absorption spectrometry is unique for mercury 
- « 
because only elemental mercury exhibits an appreciable vapour pressure at room 
temperature but not for any other heavy metals; also, the vapour is monatomic 
and it is therefore not necessary to employ a flame for atomization. 
Cold vapour atomic absorption spectrometry can be divided into two 
groups: reduction-aeration method and stationary cold vapour atomic absorption 
method. Reduction-aeration method was first developed by Poluektov. (18) in 
which mercury (II) was reduced to mercury (0) by the tin (II) chloride. The 
elemental mercury was then swept out of the solution with a carrier gas and 
directed to an absorption cell where the signal was measured. 
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Hatch and Ott (19) improved the method, in which the mercury-laden air 
was recirculated through the system. Hatch and Ott's method formed the basis for 
most subsequent works and many improvements have been developed . 
However, there are some disadvantages for the reduction-aeration method. 
Firstly, mercury is diluted by the carrier gas, the sensitivity wi l l become lower. 
Secondly, it requires a moisture trap to prevent the fogging and hence introduces 
a memory effect. Finally, as the sample volume increases, it wi l l take a longer 
time to reach equilibrium. 
For the above reasons, Tong (20) suggested a stationary cold vapour 
method in which a stoppered 4 cm UV-cell was used. The reduced mercury 
partitioned in the liquid and the gas phases. Then, the atomic absorption was 
measured through the gas phase. 
However, there are still some drawbacks in this method. For a 4 cm cell 
was used instead of the 15 cm long cell in the reduction-aeration method, the 
sensitivity became lower. Also, a background corrector was needed, it was no 
longer a simple method. 
Moreover, in the shaking process the solution would splash on the cell 
wall and adhere on it when the cell was placed in the cell-holder for equilibrium. 
Therefore, the background absorption was high and not reproducible. Hence, a 
background corrector must be used. 
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For these reasons, Cheung (21) made some improvements. The silica cell 
was silanised to minimize the adhesion of water vapour on the wall inside the 
cell. The background absorption was greatly reduced and the background 
corrector was no longer needed. In this project, Cheung's method wil l be 
modified and used to determine mercury in water. 
To determine mercury in real water samples, a preconcentration step is 
normally required because its concentration is too low to be measured accurately. 
There are many physical and chemical methods for preconcentration. For 
example, adsorption on colloid floataton has been used by Donald Voyce (22) to 
separate mercury in sea water and then measured by flameless atomic absorption 
spectrometry. Weiss et. al. (23) used copper (II) suphide to coprecipitate the 
mercury in water sample and then filtered with a Millipore membrane filter and 
measured by neutron activation analysis. 
A cold trap preconcentration method has been reported by William F. 
Fitzerald and W. Berry Lyons (24) to determine mercury in sea water in which a 
cold trap was created by immersing a glass U-tube packed with glass beads in 
liquid nitrogen. Mercury was removed from glass column by controlled heating to 
release the mercury and measured by flameless atomic absorption spectrometry. 
Poly(acrylaiiiidoxime) resin has been used by Michael B. Colella (25) and 
a poly(dithiocarbamate) resin has been used by E. Yamagami (16) and by Koei 
Minagawa (27) to determine mercury in water. 
Kiluo Terada and Kmniko Marimoto (28) used the 2-
mercaptobenzothiazole supported on silica gel to collect mercury in the water. 
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Then, the mercury was eluted by the use of 1% thiourea or an acetone-HCl 
mixture and the effluent was measured by cold vapour atomic absorption 
spectrometry. 
S. Mandal and A. K. Das (29) used an anion exchange resin (Dowex AG 
1x8 anion exchange resin in chloride form) to collect the mercury, then it was 
measured by CVAAS. 
Hideko Koshima and Hiroshi Orishi (30) used activated carbon to collect 
the mercury in water, then the mercury on the activated carbon was determined 
by electrothermal atomic absorption spectrometry. 
L. Andrew Nelson (31) used acid-bromate-bromide solution as an 
absorbing solution to trap the mercury after it was released from natural water 
and then the solution was measured by atomic fluorescence spectrometry. 
Xu Bo Xing and Xu Tong-Ming (32) used the electrolytic reduction and 
deposition to preconcentrate the mercury in water、. In this method, mercury was 
collected on Pt wire electrode, which was then put into a graphite cup for direct 
atomization and measurement. 
H. Z. Wrembel (33) applied the low-pressure ring-discharge atomic 
emission spectrometry, combined with the electrodeposition on copper and 
platinum, for the determination of trace mercury in water. 
However, there are many limitations to the above preconcentration 
techniques. For example, precipitation often requires lengthy sample preparation 
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(23). Also, preconcentration by methods such as amalgamation with Cu, Ag or 
Au, or by cold-trap technique are often used with thermal volatilization 
techniques and they cannot be applied directly to the stationary cold vapour 
method (26). Moreover, ion-exchange resin often involves large sample volume 
and makes the method more difficult (27). 
Due to the limitation in Cheung's method (21), another approach is to use 
an absorbing solution to trap the mercury as a preconcentration step. It was 
reported that potassium permanganate has been used as an absorbing solution to 
trap the mercury in air (34), in soil and grain samples (35). Then the trapped 
mercury was extracted by dithizone and measured by UV-Vis spectrophotometry. 
G. Topping and J. M. Pirie (36) used the same preconcentration technique and 
combined it with the reduction-aeration method to determine mercury in water 
and found that it was successful. 
For these reasons, it is worthwhile to further investigate and modify 
Topping's method (36) and to combine with Cheung's method (21) to determine 
- % 
mercury in water. 
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Experimental 
(A) Apparatus 
The atomic absorption measurements were carried out on a Varian atomic-
absorption spectrometer. A Varian Techtron mercury hollow-cathode lamp was 
used as the light source and the wavelength was set at 253.7 nm. The lamp 
current was 4 mA and the slit width was 0.5 nm. 
A 4-cm silica cell was used as a reduction vessel and the burner in the 
atomizer was replaced by a cell holder. This is shown in figure 38. The rotational, 
horizontal and vertical adjustment knobs were used to adjust the position of the 
silica cell until the light path correctly passed through the air space of the cell. 
The apparatus for the enrichment of the mercury is shown in figure 39, it 
consists of a 1 litre glass bottle, a bubbler with No. 2 pore size, a test tube 
containing the absorbing solution, a flowmeter and a nitrogen gas cylinder. 
(B) Samples and reagents 
(a) Reagents 
A l l reagents used were of analytical reagent grade. 
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A lOOOppm stock solution of mercury was prepared by dissolving 1.3535g 
of mercury (II) chloride in 50ml of concentrated hydrochloric acid and diluted to 
1 litre with Millipore Q water. From this stock solution, standard solutions were 
prepared by appropriate dilution with the 1% (v/v) nitric acid and 0.002% (w/v) 
potassium permanganate solution. Al l the standard solutions should be freshly 
prepared before use. 
The reductant was a 4% tin (II) chloride solution. It was prepared by 
dissolving 4g of tin (II) chloride in 100ml of 2M hydrochloric acid. Before use, 
this solution was aerated for 30 minutes to remove a possible trace of mercury 
contamination. 
The absorbing solution was 0.02% KMn04 solution which was prepared 
by dissolving 0.02g KMn04 in 100ml of 4M H2SO4. 
(b) Samples 
Totally five samples including tap water, mineral water and samples 
collected from Shing Mun Reservoir, Shek L i Bu Reservoir and the lotus pond in 
Chung Chi College have been investigated. 
(C) Procedure 
(a) Procedure for preconcentration of mercury in water sample 
Exactly 500ml of water sample were poured into a 1 litre glass bottle. 
Then 5ml of 1% KMn04 solution and 7.5ml ofconc. HNO3 solution were added. 
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The glass bottle containing the water sample was then connected to the 
test tube containing 10ml of 0.02% KMnOj solution by PVC tubing and 10ml of 
4% tin (II) chloride were injected into the solution through the septum. Then, the 
nitrogen gas cylinder was turned on and the sample was aerated for 30 minutes at 
a flow rate of 340ml min-l. The bubbler was then rinsed five times with a small 
amount of distilled water. 
(b) Procedure for final determination of mercury by stationary CVAAS 
From the test tube, 5ml of the absorbing solution in the test tube were 
pipetted into the silica cell, followed by 0.5ml of 4% tin (II) chloride solution. 
The cell was immediately stoppered and shaken for 70 seconds, and then placed 
in the cell holder for the absorption measurement. 
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RESULTS AND DISCUSSIONS 
(I) Optimization of the preconcentration steps 
( i ) Effect of the flow rate 
In this work, the elemental mercury is purged from the water sample and 
carried to the absorbing solution by nitrogen gas. Therefore, the efficiency is 
greatly dependent on the flow rate of the nitrogen gas. In general, the higher the 
flow rate, the shorter is the aeration time. However, when the flow rate is too 
high, some mercury wil l be lost. Therefore, it is worthwhile to study the effect of 
flow rate to maximize the absorption of the solution. 
The aeration time was kept at ISminutes and the flow rate was varied. The 
sample volume, 500ml of O.Sppb Hg (II)，were added into the 1 litre glass bottle 
and then 10ml of 4% tin (II) chloride were added to reduce the mercury (II) ions. 
The result is shown in figure 40 and the data are shown in table 36. 
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Figure 40. Effect of flow rate of the purging gas on 
removing Hg vapour from water sample 
( 500m l X O.Sppb Hg (II) )• 
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Table 36. Effect of flow rate of the purging gas on removing mercury vapour 
from the water sample ( 500ml x 0.5ppb Hg (II)). 







The result indicated that the absorbance increased as the flow rate was 
increased and attained a maximum value, around 340ml min-l. However, the 
absorbance decreased i f the flow rate was further increased. It was apparently that 
some of the mercury was lost and not readily absorbed by the solution, when the 
flow was too high. Therefore, in the following procedure, the flow rate was set at 
340ml min-l. 
( in Effect of the aeration time 
In order to make sure that the maximum absorbance is obtained, the 
aeration time should be sufficiently long that the maximum amount of mercury 
can be trapped by the absorbing solution. Therefore, the effect of aeration time 
should be investigated. 
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In this section, 1000ml of 0.25ppb Hg (II) and 500ml of 0.5ppb Hg (II) 
were investigated. 10ml of 4% tin (II) chloride were added into each solution to 
reduce the Hg (II) to Hg (0). The results are shown in figures 41 and 42. The data 
are shown in tables 37 and 38. 
Table 37. Effect of aeration time for quantitative removal of the mercury vapour 
from 1000ml of 0.25ppb mercury (II) water sample. 
aeration time (minutes) Absorbance 




_60 q ^ 
_?0 0.564 
Table 38. Effect of aeration time for quantitative removal of mercury vapour from 
500ml of 0.5ppb mercury (II) water sample. 






M . 0.587 
J 1 0.581 
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Rgure 41. Effect of aeration time for quantitive removal 
of Hg vapour from 1000ml of 0.25ppb Hg (II) 
water sample, 
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Figure 42. Effect of aeration time for quantitiv© removal 




The results indicate that for the sample volume 1000ml, the optimum 
aeration time was 45ininutes while for the sample size 500ml, 20 minutes 
aeration time was sufficient. Therefore, even though lower concentration of Hg 
(II) could be determined with a larger sample volume, the method was considered 
impractical because too long an aeration time must be used. Therefore, in the 
proposed procedure, the sample volume was kept at 500ml with the aeration time 
was 30minutes. 
(iii) Effect of tin (ID chloride 
As mentioned before, tin (II) chloride is a reducing agent. Therefore, it is 
worthwhile to study the amount of tin (II) chloride needed for the mercury (II) in 
water sample to be completely reduced. 
Different concentrations of tin (II) chloride solution were prepared and 
10ml of the respective tin (II) chloride solution were spiked into the 500ml of 
0.5ppb mercury (II) solution for investigation. The result is shown in figure 43 
and the data are shown in table 39. 
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Figure 43. Effect of concentration of tin (II) chloride for 
quantitative removal of mercury from 500ml of O.Sppb 
Hg (II) water sample. 
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Table 39. Effect of concentration of tin (II) chloride for quantitative removal of 
mercury from 500ml of 0.5ppb Hg (II) water sample. 









The result indicated that when concentration of tin (II) chloride is higher 
than 2%, the absorbance was essentially constant. Therefore, in the following 
procedure, 10ml of 4% tin (II) chloride were used. 
一 、• 
(jy) Effect of the concentration of hydrochloric acid 
In this section, tin (II) chloride solution was prepared at different 
hydrochloric acid concentrations so that its effect on the absorbance of mercury 
(II) can be investigated. The concentration of tin (II) chloride was kept at 4% and 
10ml of the corresponding solution were spiked into the 500ml of 0.5ppb sample 
solution. 
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Figure 44. Effect of HCI concentration on the absorbance 
of O.Sppb Hg (II) solution. 
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Table 40. Effect of hydrochloric acid concentration on the absorbance of 
0.5ppb mercury (II) solution. 
Concentration of HCl (M) Absorbance 




4.2 0.578 ^ 
M 0.585 
The result indicated that the absorbance was independent of the 
concentration of HCl used. Therefore, in the following procedure, 2M of HCl was 
used. 
(V) Effect of potassium permanganate 
In this project, potassium permanganate was used as an absorbing solution 
so that the elemental mercury could be trapped when it was swept from the water 
sample. The reason why using potassium permanganate as an absorbing solution 
is that it is a strong oxidizing agent so that the mercury (0) was readily oxidized 
to mercury (II). In order to make sure that the mercury can be trapped 
quantitatively, the optimum amount of potassium permanganate should be 
investigated. 
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500ml of 0.5ppb Hg (II) were added into the reaction bottle and 10ml of 
4% tin (II) chloride were injected into it. The solution was aerated for 30minutes. 
10ml each of the absorbing solutions of 0.002%, 0.02%, 0.05% and 0.10% 
potassium permanganate were investigated for the quantitative oxidation of the 
mercury vapour. The result is shown in figure 45 and the data are shown in table 
41. 
Table 41. Effect of potassium permanganate on the absorbance of 500ml O.Sppb 
mercury (II) solution. 






- - • 
The result indicated that the maximum absorbance was obtained when 
0.02% potassium permanganate was used. Therefore, in the following procedure, 
10ml of 0.02% KMn04 were used. 
(VD Effect of temperature 
It was known that as the temperature increases, the amount of elemental 
mercury would be more greater in the vapour phase. Therefore, it was worthwhile 
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to investigate the temperature for more mercury to be released, i.e. to increase the 
recovery. 
In this section, 10ml of 0.02% KMn04 were used as an absorbing solution 
and 500ml of 0.5ppb Hg (II) were added to the 1 litre reaction bottle for 
investigation. The sample solution was then placed in the water bath until the 
desired temperatures were attained. After that, 10ml of 4% tin (II) chloride were 
spiked into the sample solution and the solution was purged for SOminutes. The 
result is shown in figure 46 and the data are shown from tables 42 to 43. 
Table 42. Time to obtain the desired temperature in the water bath. 
For 50°C For 60°C 
Time/s Temperature Time/s Temperature 
(°C) (oQ 
jo 2 1 _g _23 
140 30 _ m ^ 
340 ^ ^ 
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Figure 46. Effect of temperature on the 
recovery of mercury (II) ion. 
103 
Table 43. Effect of temperature on the absorbance of O.Sppb mercury (II). 







The result indicated that as the temperature increased, there was only a 
slight increase on the absorbance. Also, the result indicates that more time was 
required to reach a higher temperature (e.g. it took 〜15min. for 50。C or 60。C). 
Also，some water vapour would condense on the PVC (polyvinyl chloride) tubing 
at higher temperatures and was difficult to remove. It caused an error and made 
the method more clumsy. Therefore, the experiments were run at room 
temperature throughout the whole study. 
(TO Optimization of the fteterminatinn sfpp 
(i) Effect of tin q p chloride 
In this project, tin (II) chloride was used as a reducing agent to reduce the 
Hg (II) to Hg (0) in the silica cell. In order to make sure all the Hg (II) has been 
reduced, an attempt was made to investigate the effect of the concentration of tin 
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(II) chloride on the absorbance of 20ppb Hg (II) at different concentrations of 
potassium permanganate. 
5ml of 20ppb Hg (II) at the corresponding concentrations of potassium 
permanganate were pipetted into the silica cell. Then, 0.5ml of different 
concentrations of tin (II) chloride were added. After shaking for TOseconds, the 
absorption was measured. The results are shown in figures 47 to 50 and the data 
are shown in table 44. 
Table 44. Effect of tin (II) chloride on the absorbance of 20ppb mercury (II) 
solution under different concentrations of potassium permanganate. 
For 0.002%KMn04 For 0.02%KMn04 
Cone, of SnCiyo/o Absorbance Cone, of SnCl，/。/。Absorbance 
_0：2 0.051 ^ 0.056 
h i 0.062 0.080 
M _L5 
J A 0.502 ^ 0.510 
0.506 0.504 
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Figure 48: Effect of concentration of tin (") chloride 
on the 20ppb Hg (II) solution 
(For 0.02% potassium permanganate). 
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Figure 49. Effect of concentration of tin (II) chloride 
on 20ppb Hg (II) solution 
(For 0.05% potassium permanganate). 
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Figure 50. Effect of concentration of tin (II) chloride 
on 20ppb Hg (II) solution 




For 0.05% KMn04 For 0.10% KMn04 
Cone, of SnCV Absorbance Cone, of SnCl2/% Absorbance 
_% 
- M 0.055 0.060 
M 0.053 
J A 0.492 ‘ 0.494 
- M . 0.492 ^ 0.497 
M 0.495 [ 9 ^ [0.499 
The result indicated that as the concentration of potassium permanganate 
increased, the concentration of tin (II) chloride needed also increased. As in the 
proposed method, concentration of potassium permanganate used was 0.02% and 
therefore 0.5ml of 4% tin (II) chloride were enough for complete reduction of 
both KMn04 肌d Hg (II) in the silica cell. 
There are two major differences between this study and that by Cheung 
(21). Firstly, it was found that for 0.002% KMn04 solution, 0.5ml of 1% tin (II) 
chloride were needed, but Cheung found that 0.5ml of 0.5% tin (II) chloride was 
already sufficient for complete reaction of KMn04 and Hg (II). Secondly, the 
absorbance became constant when the concentration of tin (II) chloride was 1% 
or higher. However, Cheung found that there was a maximum absorbance at tin 




ii) Effect of waiting time 
In Cheung's method (12), the absorbance was constant with time after the 
cell was inserted in the cell-holder. In this section, the effect of waiting time at 
different concentrations of tin (II) chloride was studied. The results are shown 
figures 51 to 58. The data are shown from tables 45 to 52. 
Table 45. Effect of waiting time on the absorbance of 20ppb mercury (II) when 
the concentration of 2% tin (II) chloride was used. 
Waiting Absorbance Waiting Absorbance 
tinie(s) time(s) 
1 0.511 160 0.515 
20 0.514 180 0.514 
JO 0.514 j m 0.515 
M _m 
M 0.514 0.514 
_1PP 0.513 m 0.515 
J ^ 0.514 280 0.515 
_i40 0.514 b o o 0.515 
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Figure 51. Effect of waiting time on 20ppb Hg (II) solution 
(when 2% tin (II) chloride was used). 
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Figure 52. Effect of waiting time on 20ppb Hg (II) solution 
(when 5% tin (II) chloride was used). 
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Figure 53. Effect of waiting t ime on 20ppb Hg (11) solution 
(when 7% tin (li) chloride was used). 
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Figure 54. Effect of waiting time on 20ppb Hg (II) solution 
(when 9% tin (11) chloride was used). 
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Figure 55. Effect of wait ing t ime on 20ppb Hg (II) solut ion 
(when 11 % t in (II) chloride was used). 
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Figure 56. Effect of wait ing t ime on 20ppb Hg (il) solut ion 
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Figure 57. Effect of wait ing t ime on 20ppb Hg (II) solution 
(when 15% tin (II) chlor ide was used). 
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Figure 58. Effect of waiting time on 20ppb Hg (II) solution 
(when 18% tin (U) chloride was used). 
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Table 46. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 5% tin (II) chloride was used. 
Waiting time(s) Absorbance Waiting Absorbance 
time(s) 
_0 _ m 0.512 
J ^ 0.511 
_40 TW 0.512 
_60 0.512 
_80 q ^ 240 . 0.511 
100 g ^ 
120 0.512 280 
140 0.511 [300 0.510 
Table 47. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 7% tin (II) chloride was used. 
Waiting Absorbance Waiting Absorbance 
time(s) time(s) 
_0 0.516 ^ 
_20 0.512 100 0.510 
_40 0.511 J ^ 0.510 
_60 0.510 
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Table 46. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 5% tin (II) chloride was used. 
Waiting time(s) Absorbance Waiting time(s) Absorbance 
_0 J ^ 
^ ^ J40 
_40 j m g ^ 
M 0.500 180 0.498 
_80 0.499 j m 
100 0.499 
Table 49. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 11% tin (II) chloride was used. 
Waiting time(s) Absorbance Waiting tiine(s) Absorbance 
J Q ： ^ J ^ q ^ 
^ 0.502 - 140 0.496 
_40 0.502 160 0.496 
JO 0.499 180 0.495 
JO 200 0.495 
100 0.497 [220 0.495 
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Table 50. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 13% tin (II) chloride was used. 
Waiting time(s) Absorbance Waiting Absorbance 
time(s) 
_0 J ^ 
^ 0.479 . J ^ 0.472 
_40 
_60 0.475 J ^ g ^ 
_8o g ^ ^ 
100 0.473 I 220 0.471 
Table 51. Effect of waiting time on the absorbance of 20ppb of mercury (II) 
solution when 15% tin (H) chloride was used. 
Waiting time(s) Absorbance Waiting time(s) Absorbance 
_0 0.499 
^ 0.487 260 0.478 
JO 280 .• 0.476 
0.485 _300 0.476 
M 0.485 320 0.476 
100 0.484 _340 0.474 
120 0.484 360 0.474 
140 0.483 ^ 0.474 
160 0.482 _ m g ^ 
J ^ 0.479 420 0.474 
200 0.479 440 0.473 
0.478 460 0.472 
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Table 52. Effect of waiting time on the absorbance of 20ppb mercury (II) solution 
when 18% tin (II) chloride was used. 
Waiting Absorbance Waiting Absorbance 
time(min) ‘ time(inin) 
_0 0.527 _7 0.479 
1/3 0.508 _8 0.476 
J f k 0.501 _9 0.475 
J 0.498 JO 0.474 
1.33 g ^ _ n 
1.67 0.493 _12 0.470 
1 0.492 _13 0.468 
J 0488 J 4 g ^ 
A 0.485 _15 0.465 
J 0.482 _16 0.463 
A 0.481 [17 0.462 
The result indicated that for tin (II) chloride concentration lower than 5%, 
the absorbance was steady. However, as the concentration of SnCl2 became 
higher, the absorbance decreased at the beginning and then gradually became 
steady, and in the case when the concentration of tin (II) chloride was too high 
(e.g. >10% )，the absorbance decreased to a larger extent and did not become 
steady again. In the proposed method only 4% of SnCl〗 was used, so the 
measurement could be made immediately after placing the cell in the cell-holder. 
Also，it was found that when tin (II) chloride was too high (>10%), the 
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absorbance at the equilibrium was lower. It might be possible that when the 
concentration of chloride ion is too high, the reduction of mercury (I) will be 
more difficult as evidenced by much smaller standard reduction potential of the 
couple Hg2Cl2 (s) / Hg (0.268V) compared with that of the couple Hg2+ / Hg 
(0.854V). 
(III) Precision 
The precision of the method was checked by calculating the relative 
standard deviation of eight replicates of O.Sppb Hg (II) in 500ml sample solution. 
The result is shown in table 53. It can be seen that the relative standard deviation 
was 1.9%, indicating that the precision was good. 
Table 53. Reproducibility test on determination of0.5ppb mercury (II) solution. 





Standard deviation 0.011 
Relative standard deviation/ % 1 .9 
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aV) Detection limit 
The detection limit was defined as the concentration required to give an 
absorbance twice that of the standard deviation of a series of at least ten 
determinations near the blank level. The detection limit of the proposed method 
was determined and shown in table 54. 
Table 54. Data for the detection limit of mercury. 
Amount taken (ppb) 0.050 





Standard deviation (ppb) 5.7x10-3 
Detection limit (ppb) | 0.011 、•_ — '… 
1 
The result indicates that the detection limit of the proposed method was 
too low to determine the mercury in water. This is compared with those obtained 
by other methods (see table 55). It can be seen that the detection limit of the 
proposed method was better than that reported by Richard J. Baltisberger (37) and 
is essentially the same as the other three methods. 
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Table 55. Comparison of different methods for the determination of mercury in 
water. 
Method Detection limit Sensitivity Standard deviation of 
(2a/m) (m) the absorbances for a 
. series of blank or near 
blank solutions (a) 
Darryl D. Siemer 0.014ppb L286a.u./ppb 0.009a.u. 
( 1 5 ) ； 
' L. Andrew Nelson O.OOSppb / / 
m 
Darryl A. Frick 0.085ppb 0.071a.u./ppb 0.003a.u. 
( 3 7 ) 
Present work 0.01 Ippb 0.9596a.u./ppb 0.005a.u. 
(V) Calibration curve 
The calibration curve of the Hg (II) was prepared and the result is shown 
in figure 59 and the data are shown in table 56. 
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Figure 59. Calibration for mercury in water sample 
(Sample size SOOmI). 
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Table 56. Calibration for mercury in water sample (sample size 500ml). 








_ M 0 
J ^ 0.972 
1.20 1.114 
The result shows that the calibration curve was linear up to O.Sppb, with 
the correlation coefficient equal to 0.9994. The slope of the curve equal to 0.9596 
with y-intercept equal to 0.0741. 
(VI) Determination of mercury in real water samples 
The proposed method has been applied to determine mercury in real water 
samples. As mercury present in water at sub-ppb levels, no other convenient 
reference method could be employed to counter-check the results. However, the 
applicability of the method can be assessed with recovery tests. 
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Five samples including tap water, mineral water and samples collected 
from Shing Mim Reservoir, Shek Li Bu Reservoir and the lotus pond in Chung 
Chi College were tested. A l l the samples were tested in triplicate. The same 
samples were also spiked with the standard solution for the recovery tests. The 
results are shown in table 57. 
Table 57. Determination of mercury in water samples. 
Amount Spiked result(ppb) Recovery/% 
- foimd(ppb) 
Tap water 0.075土0.004 0.618 ⑷土0.018 lOR^ 
Pierval N.D. 0.303 (b)±0.012 101.0 
(mineral water) 
Shing Mun Reservoir 0.056土0.005 0.382 (b)土0.006 108.7 
Shek L i Bu Reservoir 0.094土0.003 0.410 (b)土0.008 105.5 
Lotus pond In Chung 0.432+0.005 0.743 (b)±0.019 103.7 
Chi College 
(aj spiked 0.5ppb; (b) spiked 0.3ppb. 
The results indicate that the percentage of recovery for all the samples lie 
within 10% error, which may be considered quite good. Also, all the samples 
tested were within the safety limit (Ippb). 
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Conclusion 
Two analytical techniques including static cold vapour atomic absorption 
spectrometry and energy dispersive X-ray fluorescence spectrometry have been 
proposed for determining mercury in water and copper, nickel, zinc and lead in 
cement respectively. The advantages of using such techniques in analysis have 
also been demonstrated by the present work. 
In part I，a powerful multielemental technique was proposed for the 
- determination of some minor elements in cement. It has the advantages of time 
saving, and simultaneous determination of trace elements. It was also found that 
sodium tartrate and sodium citrate are suitable agents to mask the iron in cement 
with no interference with the elements to be determined. Also, it can be applied to 
a detection limit down to sub-microgram level. Moreover, the precipitates formed 
are thin and homogeneous enough so that interelemental effects can be neglected. 
The relative standard deviations for all metals also show that the precision of the 
proposed method is high. 
In part II，a very sensitive method has been employed to determine 
mercury in water. The result shows that potassium permanganate is a useflil 
absorbing solution to trap the mercury vapour. It is noted that water in Hong 
Kong has a low mercury content. A l l the concentrations of mercury are below the 
safety limit. Also, the applicability of this method is assessed by spiking the 
actual water samples and determining the percentage of recovery. The percentage 
of recovery shows that the accuracy is high enough to allow reliable and accurate 
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